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September 3, 1963

Harold L., Davis
Associate Editor
Nueleoniecs

330 West L2 Street
New York 36, W. Y

Dear Ir, Davis:

In your letter of August 29, you recuested some background
notes discussing the concept of "thermal stability" and its
relation to reactor flow and power oscillationss Rather than
send you an attachment, I have incorporated the discussion
into the balance of this letter,

For any system or component to be thermally stable, it must
satisfy one criterion « namely:

Thermal stability requires that the heat source
and heat sink be so related that, if the system
is perturbed from the steady-state, it will mono-
tonically return to the original steady-state
conditions

Let us now apply this criterion to a simplified source-sink
system in order to determine the manner in which an unstable
system might operate. The idealized system is as shown in
sketeh (a):
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The analysis will be based on the following:

1« Qin is the heat input to the boiler plate; Qin
is inveriant with time.

2s The boiler plate material has infinite thermal
conduetivity and finite heat capacity.
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3+ Qout is the heat transferred from the source
to the sink,

s The temperature of the heat sink is independ=
ent of Qoute

S5¢ The thermal resistance at the boiling inter-
face is known as a function of Typije

Using the above bases, the results shown in sketeh (b) ecan
be obtained: :

sketeh (b)

The thermal stability can now be analyzed by noting that,
in the steady-state,
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Therefore, since

@l ~Qot = Q,fored ()

we can write
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From equation (5), it can be seen that, if ‘.éﬁ o 2% Qol . /
will be opposite in sign to (/4)7.) ¢ Thus, a positive per-
turbation in Tyg33 will result in a negative Qg¢opeq wWhiech,

of ecourse, will result in a T which is decreas with

time., Since this satisfies the above criterion for thermal
stability, we should conclude that our idealized system is

stable if % > o and that the converse is also true.

o R ot
From sketeh (b), it may be seen bk %-r..,mf 0 everywhere
in the interval BC and therefore, if Qin is set anywhere in
this interval, the system will be unstable, The result of
this msta‘oility will be that, in the interval BC, the sys-
mtwill( t;parate in the oaciliatory manney described in
ch (e):

sketeh (¢)
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The numbers in sketch(e) indicate the order in which the
system transists from point to point if Qin is set any-
where in the intervel BC of sketeh (b). That the system
would indeed osecillate may be seen by noting that, if ﬁ‘]_l
is initially in interval 2-l, a slight perturbation wi
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cause it to transist to either 2 or li. From either point,
it would then oscillate as shown in Sketch (c). Sketeh (e¢)
mag ?a)usaﬁ to obtain the results shown in sketches (d)
and (e): :
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The point at the sbove discussion is to indicate that, in a
fixed heat imput system, only the heat imput is inveriant
with time in such a system, the heat transferred may be a
very strong function of time, g

I realize that the behavior indieated in sketch (b) is not
normally expected even in two-phase systems., However, there
are many examples of such behavior in the literature. The
most recent example is that presented by A. E. Bergles and
We M« Rohgenow (MIT) at the ASME~AICHE Heat Transfer Con-
ference held in Boston on August 11 - 14, 1963 in Paper
No, 63 = HT - 22, Figure (€) in the subject paper presents
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data obtained in a forced convection, boiling system in which
water is the boiling fluids The results presented in Figure
(8) are exactly like sketech (b)s Moreover, the results shown
in Figure () show that, in the system described,

7:/0..&’13 - T-__Du‘g; c = L/C}"/:'

@/h)c : @/,4)3 = v ovvev B/ (4™

The tie-in with boiling rea 8 comes about in that, if the
heat transferred (from fuel Plate to coolant) oscillated as
shown in ske (d), then the avcrage void fraction in a
channel must also oscillate with time. This void fraction
oseillation would, of course, foree the channel flow rate

to oseillate (since the hydraulic resistance is a strong
function of void fraction)s The oscillating void fraction
would also affect the local power because of the negative
reactivity associated with the voids. Moreover, since all
the fuel plates and channels are coupled together by the
reactor kineties, it would then be expected that total re-
actor power and totel reactor flow rate would also oscillate,

I recognize that you do not have an unlimited amount of space
in your magazine. However, I would like to emphasize that
"thermal stability" is a virtually new subject which will
add a great deal to the present understanding of boiling
systems in general end boiling reactors in perticular, That
it is presently not understood is indicated by the follow-
ing statement from the paper by Bergles and Rohsenow, (This
statement is in regard to operation in the region similar

to interval BC of sketeh (b).)

It appears to be no coincidence that the wall

E%%Eeraturea behave strangely when the first
es Zrows

I hope you will agree that the subject series on "Thermal
Stability" will be a contribution of the first magnitude
and deserves some special treatment. The subject series
will be the first time the subject of "Thermal Stability"
appears anywhere in the literature. (I am, of course, dis=
cussing it in considerable detail in the book I mentioned
in my first letter. However, since I do not yet have a
publisher, it will probably be a year before the book is
published.) However, if you cannot afford the amount of
space I mentioned in my first letter, I will be happy to
consider the space you can afford for the subjeet series,

I hope you appreciate that I have taken you into my confi=
dence in the hope that, if you decide not to publish my
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work, it will remain a forgotten subjects

Sinee your letter did not mention the requests in my first
letter (with regard to your editorial poliecy), I am assum-
ing that you can comply with the subject requests.

Sincerely yours,

Eugene F. Adiutori



